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Abstract 
This study investigated whether tester experience and seasons affected referral rates in a 
neonatal TEOAE screening program in the context of a private hospital in Hong Kong.  A 
total of 225 newborns (125 boys, 100 girls) were screened using ILO88 Otodynamics 
Quickscreen program by 2 experienced audiologists across 18 months.  No learning curve for 
referral rates was found across the whole length of the screening program or across time for 
each audiologist.  Neither was a seasonal effect found for referral rates.  Results 
demonstrated that a learning curve for referral rate may not be established in a screening 
program until at least its third year of operation and that seasons would not need to be taken 
into account in a TEOAE hearing screening program for neonates in Hong Kong.   
 
Abbreviations: TEOAE = transient evoked otoacoustic emission; OAE = otoacoustic emission
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Otoacoustic Emission Screening in Neonates: Tester and Seasonal factors on  
Referral Rate 
In the past decade, there has been growing consensus that universal neonatal hearing 
screening is important for optimal speech and language outcomes in children with hearing loss.  
In addition, new technologies—otoacoustic emissions (OAE) and automated auditory 
brainstem response (ABAER)—have emerged, which allow for objective measurements to 
assess hearing function in newborns (Hergils, 2000).  Consequently, a large number of 
hospitals have established newborn hearing screening programs, many using transient evoked 
otoacoustic emissions (TEOAE) technology.  One such screening program using TEOAE 
technology was started at Hong Kong Adventist Hospital in 2002, and has been conducted for 
over one year by two experienced audiologists. 
TEOAEs are sounds produced by the outer hair cells of the inner ear in response to click 
stimuli presented in the outer ear canal.  If no response is detected, hearing loss is likely to be 
present (Glattke & Robinette, 2002).  It is a quick, non-invasive, and effective means to test 
for permanent hearing loss in young children (Kemp, 1997).   
To avoid costly over-referral and needless anxiety placed on parents, one of the most 
important requirements of a successful screening program is low referral rates.  Although 
referral rates from large-scale universal hearing screening programs are generally low, there is 
considerable variability—ranging from 2% to 58% (Prieve, 2002).  Indeed, many factors may 
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affect referral (or fail) rates.  Broadly speaking, they may relate to (1) the test (e.g., protocol, 
pass criteria, environment), (2) the neonate, or (3) the tester.   
With regard to the test, Gravel et al. (2000) have found that referral rates of 
two-technology (TEOAE/ABR) protocols were significantly lower than one-technology 
(TEOAE only) protocols.  Referral rates have also been found to decrease with increasing age 
of the neonate screened (in terms of hours or days) (De Ceulaer et al., 1999; Maxon, White, 
Culpepper, & Vohr, 1997) and number of times TEOAE is attempted before hospital discharge 
(Gill, Gosling, Kelly, Walker, & Wooderson, 1998; Maxon et al., 1997; Morlet, Ferber-Viart, 
Putet, Sevin, & Duclaux, 1998; Paludetti, Ottaviani, Fetoni, Zuppa, & Tortorolo, 1999).  In 
addition, high levels of noise were found to associate with diminished or absence of TEOAE 
recordings, leading to higher referral rates (Prieve, 2002).   
Neonatal factors, such as obstruction of the ear canal and the status of the middle ear have 
been found to significantly relate to referral rate.  Studies (Chang, Vohr, Norton, & Lekas, 
1993; Doyle, Rodgers, Fujikawa, & Newman, 2000) have shown that cleaning of the ear canal 
led to a decrease in failure rates.  Moreover, those with abnormal middle ear function (e.g., 
middle ear effusion) were found to have reduced TEOAEs (Proschel & Eysholdt, 1993; Choi, 
Pafitis, Zalzal, Herer, & Patel, 1999). 
While numerous studies have looked at the effects of test and neonatal factors on referral 
rates, there has been limited research on the specific effect of tester experience on referral rates.  
 5
Although several studies have reported on a steady decrease in referral rates across year of 
program operation (Spivak et al., 2000; De Ceulaer et al., 1999), they have failed to report on 
the experience that personnel have in testing TEOAEs in newborns (either in terms of 
frequency and length of time staff dedicated to screening, or in terms of overall number of staff 
sharing responsibility of screening across period of time).  As a result, the conclusion that 
decrease in referral rates is due to increasing screener experience cannot be made. Thus, the 
primary aim of this study is to investigate the relationship between screener experience and 
referral rates.  
Since good probe fit is by far the most critical factor in successful OAE measurement 
(Hall, 2000, p.102) and ability to obtain good probe fit is affected by experience (Prieve, 2002), 
it is expected that TEOAE referral rates will reduce over time, as the tester gains more 
experience in performing neonatal OAE screening.   
Indeed, a reduction in referral rates is important if utility of hearing screening programs 
are evaluated using a “cost and benefits” approach.  While costs refer to cost of equipment, 
disposables, personnel, time, and follow-up testing (Gorga, Preissler, Simmons, Walker, & 
Hoover, 2001), benefits refer to identification of hearing loss early in life (Gorga & Neely, 
2003).  Decreasing referral rates across time (due to increasing screener experience) implies 
lower cost in the area of follow-up testing, with other costs and benefits held constant.  As a 
result, cost-effectiveness of neonatal hearing screening program would be supported in the 
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long-term.    
Secondary to the above aim is to examine other factors likely to be affected by screener 
experience in OAE screening and which have yet been researched, such as probe stability and 
test time.  With experience, probe stability is expected to increase while test time is likely to 
decrease.  Since probe stability is closely related to good probe fit, an increase in probe 
stability across time would imply that experience does lead to more optimal fitting of the probe.  
As stability increases, TEOAE responses are likely to be obtained more quickly, resulting in 
shorter test time.  Ultimately, this would reduce time cost of each screening.  Therefore, the 
secondary aim is to investigate the relationships between screener experience and probe 
stability/ test time. 
A third aim of this study is to look at whether TEOAE screening outcomes in neonates 
change across the seasons.  In general, TEOAEs are absent or reduced in ears with middle ear 
dysfunction.  Since otitis media (OM) is the most common cause of middle ear dysfunction in 
the pediatric population (Northern & Downs, 1991) and prevalence of OM is found to be 
highest in winter months (El-Sayed & Zakzouk, 1995; Infante-Rivard & Fernandez, 1993), 
there may also be seasonal variations seen in TEOAE fail rates in neonates.  Kei et al. (2002) 
found no seasonal effect on TEOAE outcomes in 2-month-old infants, possibly due to lack of 
exposure to risk factors for OM at that young age (Rovers, Zielhuis, Ingels, & Van der Wilt, 
1999).  If this were true, newborns (i.e., babies from birth to 28 days after birth) should have 
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even less exposure to potential risk factors for OM than 2-month-olds, it is expected that a 
seasonal variation would not be prominent in the screening outcomes of neonates either.  In 
this case, neonatal screening using TEOAE would be supported since low fail rates can be 
maintained across seasons due to lack of fluctuating prevalence of conductive hearing 
impairments in newborns. 
In sum, the purpose of this study is three-fold: (1) to investigate the relationship between 
screener experience and referral rate; (2) to examine the relationships between screener 
experience and probe stability/ test time; and (3) to investigate the relationship between 
seasons and referral rate, in the context of a hearing screening program at Hong Kong 
Adventist Hospital.  It is hypothesized that referral rate will decrease with increasing screener 
experience and remain stable across the seasons.  Probe stability is expected to increase and 
test time decrease with increasing screener experience. 
Method 
Participants 
 A total of 225 newborns (125 boys, 100 girls) in the well baby nursery (WBN) of Hong 
Kong Adventist Hospital participated in the present study.  All babies tested met the following 
criteria: 
? Older than 24 hours and younger than 7 days (usually within 3 days old) 
? Gestation between 37 and 42 weeks 
 8
? Birth weight between 2.4 and 4.5kg 
? APGAR scores between 8 and 10 
? No congenital defects 
? Parents are motivated to participate in the study 
? No history of high risk factors (i.e., family history of hearing loss, congenital 
perinatal infection, anatomical malformation of the head or neck, birth weight less 
than 1500 grams, hyperbilirubinaemia, bacterial meningitis, severe perinatal 
asphyxia, convulsions, prolonged aminoglycoside usage, or intracranial 
haemorrhage) 
Procedure 
 The present screening study took place between May 2002 and October 2003, for a total 
of eighteen months.  The participants were tested by means of click-evoked TEOAEs using 
ILO88 equipment, which has been approved by the United States Food and Drug 
Administration (FDA) for use in neonatal hearing screening.  The project was given ethical 
clearance by the Hong Kong Adventist Hospital Research Committee.   
 Verbal and written parental consent (Appendix A) were sought prior to testing.  
Screening was done in a quiet room next to the well-baby nursery, with background noise of 
less than 55 dBA, a level considered acceptable for OAE screening (Rhoades, McPherson, 
Smyth, Kei, & Baglioni, 1998).  Testing was done by two experienced audiologists (refer to 
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Table 1)—one responsible for screening from May to August 2002, the other from September 
2002 to October 2003.  Ears were carefully inspected and any debris found in the ear canals 
were first wiped away using a clean tissue or gauze.  The TEOAE testing was then carried out 
using the ILO88 (version 5.60Y) Quickscreen program.  A small test probe was placed in the 
external ear canal of the neonate to emit clicking sounds that resulted in stimuli with peak 
sound pressure level in the range of 77-83 dB SPL.  An OAE response, in the form of a low 
stimulus ringing in the outer ear canal and a flat stimulus frequency spectrum, was looked for.  
Both ears were tested, and the ears were also carefully inspected after testing.  The passing 
criteria were ≥3dB SNR and ≥50% whole-wave reproducibility in each ear at 1.5 kHz, 2.2 kHz, 
and 3 kHz.  Results of the screening (whether pass or fail) were conveyed to the parents 
verbally and through a written OAE Screening Result Form (Appendix B).  Babies who failed 
either ear were reviewed by the Adventist Hospital audiologists and consulting 
otorhinolaryngologist within two weeks of the screening.   
Climate in Hong Kong 
 Hong Kong’s weather is subtropical.  Summer months (June, July, and August) are warm 
to hot while winter months (December, January, and February) are mild to warm.  The mean 
daily maximum and minimum temperatures plotted against months for 2002 are shown in 
Figure 1.  Temperatures for 2003 were comparable.
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Table 1.  Tester education and experience 
Tester Education and Experience 
Tester 1 ? Post-graduate Diploma in Audiology 
? Previous experience with neonates 
? 6 days on-site training by researching professor (who 
had 3 years experience in neonatal OAE screening) 
Tester 2 ? Masters degree in Audiology 
? Previous experience with neonates 
? 5 days on-the-job training in OAE screening by Tester 1
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Figure 1.  Mean daily maximum and minimum temperatures of Hong Kong by month, 2002 
(Hong Kong Observatory, 2003).  The seasons are spring (months 3, 4, 5), summer (months 6, 
7, 8), autumn (months 9, 10, 11), and winter (months 12, 1, 2). 
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Data Analysis 
 Descriptive statistics on mean referral rates for the total period of screening and for each 
individual tester were performed.  Linear regression analysis using Statistica Version 6 was 
then used to evaluate the 1) test referral rate, 2) probe stability, and 3) test time, on a monthly 
basis over the whole period of the screening and across time for each tester.  Similar analysis 
was carried out to look for possible correlation between probe stability and test time.  Student 
t-test was used to examine differences in stability and test time between first and second 
tranche of ears tested per screener (with first tranche being the first 50% of ears tested and 
second tranche being the latter 50% of ears tested).   
Finally, one-way ANOVA was used to determine whether referral rates differed across 
seasons, by testing for significant differences between mean referral rates of the 4 groups (one 
for each season).  Referral rate was the dependent variable while seasons the independent 
variable.  
 The significance level for all analysis was taken as 0.05 and confidence level was 95%. 
Results 
 Average test referral rates by newborn and by ear are shown in Table 2.  Two clear trends 
are visible.  Firstly, referral rates for Tester 1 are notably higher than that for Tester 2.  
Secondly, referral rates by ear are considerably higher than referral rates by newborn. 
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Table 2.  Average test referral rates by newborn and by ear. 
    Tester 1 Tester 2 Total period 
Referral rate by ear 17.4% 10.9% 14.5% 
Referral rate by newborn 10.2% 5% 6.2% 
 
Figure 2 shows the linear regression statistics for overall TEOAE referral rates across time 
(months).  Figures 3 and 4 breaks this down into referral rates across time for Testers 1 and 2 
respectively.  There were negative correlations between time and referral rates for Tester 1 (r 
= -0.45) and in general (r = -0.12), while a positive correlation between time and referral rate 
for Tester 2 (r = 0.22) was found.  However, all correlations were not statistically significant 
(p>0.05).   
Figure 5 shows the linear regression statistics for overall stability across time (months).  
Figures 6 and 7 breaks this down into stability across time for Testers 1 and 2 respectively.  
There were positive correlations between time and stability for Tester 1 (r = 0.57, p>0.05), 
Tester 2 (r = 0.04, p>0.05) and in general (r = 0.036, p>0.05).  Although the above 
correlations were not statistically significant, analysis using Student t-test revealed a 
significantly greater mean stability for the second half tranche of ears tested (M = 0.94) than 
for the first half tranche of ears tested (M = 0.89) for Tester 1, t (110)= -2.73, p<0.05.  No 
significant differences were found for Tester 2.  Hence, the trend is for stability to increase 
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over time, and such is particularly evident in the case of Tester 1.   
Figure 8 shows the linear regression statistics for overall test time across time (months).  
Figures 9 and 10 breaks this down into test time across time for Testers 1 and 2 respectively.  
There were positive correlations between time (month) and test time (seconds) for Tester 1 (r = 
0.04) and in general (r = 0.31).  For Tester 2, there was a negative correlation (r = -0.04) 
between time and test time.  However, all correlations were not statistically significant 
(p>0.05).  T-test used to analyze mean test time for the first and second half tranche of ears 
tested for each tester also found no significant differences (p>0.05). 
To examine whether there were differences between mean stability and mean test time for 
fail cases and pass cases, Student t-test was used.  Results showed no significant differences 
between mean stability for fail and pass cases, t (552)=0.90, p>0.05, or between mean test time 
for fail and pass cases, t (553)=1.179, p>0.05. 
The relationship between stability and test time can be seen in Figure 11.  There is a 
negative correlation between stability and test time (r = -0.227), and it was statistically 
significant (p<0.0001).  This means that test time decreased with increase in stability.   
Referral rates across seasons are shown in Table 3.  One-way ANOVA revealed no 
significant differences across seasons, F (3, 214)=47.67, p >0.05.  Hence, fail rates tend not to 
fluctuate across seasons.   
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Table 3.  Fail rate (per cent) across seasons. 
          Summer, 
2002 
Fall Winter Spring Summer Fall, 2003 
Fail rate (%) 14 7 13 18 9 13 
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Figure 2.  Fail rates across time  
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Figure 3.  Fail rates across time (TESTER 1) 
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Figure 4.  Fail rates across time (TESTER 2) 
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Figure 5.  Stability across time 
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Figure 6.  Stability across time (TESTER 1) 
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Figure 7.  Stability across time (TESTER 2) 
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Figure 8.  Test time across time. 
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Figure 9.  Test time across time (TESTER 1) 
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Figure 10.  Test time across time (TESTER 2) 
 19
0.01 0.16 0.28 0.39 0.50 0.63 0.74 0.84 0.94
Stability (%)
11
27
43
59
75
92
108
125
149
166
199
Test Tim
e (sec)
 
Figure 11.  Stability versus Test Time 
Discussion 
 The average referral rate by newborn (bilateral fail) and by ear (considered individually) 
in the present study was found to be 6.2% and 14.5% respectively.  Compared with 18 other 
screening programs (done between 1990 and 2000, with at least 100 newborns tested) with 
percentage referrals by newborn ranging from 2 to 58% (Prieve, 2002)(refer to Appendix C), a 
6.2% referral rate by newborn in the present study was considered relatively low.  The large 
discrepancy between percentage referral by newborn and by ear as seen in the present study 
also suggested that referral rates could vary widely when different “pass criteria” were set.      
The results from the current study showed that no significant learning curve existed for 
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test referral rate across the whole length of the screening program (18 months) or across time 
for each audiologist.  Compared with the results of a learning curve found in the De Ceulaer 
study (1999) and the decrease in referral rate as a function of year of program operation for the 
New York State Demonstration Project (NYSDP)(Spivak et al, 2000), lack of a learning curve 
found in this study may be attributable to several factors, including short duration of the 
screening program and small number of neonates tested in certain months.  While the learning 
curve was observed over a period of 5 years for the De Ceulaer study (1999) and the decrease 
in referral rate occurred over a duration of 3 years for the NYSDP (Spivak et al, 2000), the 
present study spanned over a much shorter period of 1.5 years, which may not have been 
sufficient time for a statistically significant learning curve to occur.  In addition, fail rates in 
months where small number of newborns were tested (due to environmental technicalities or 
insufficient parents giving consent for their babies to participate in the study) may have 
affected the overall trend of the results, but yet may not have been representative of the fail rate 
that would have otherwise occurred in that month.  
 The results from the present study also showed that no significant learning curve existed 
for probe stability (which remained relatively high and stable) across the whole length of the 
screening program (18 months) or across time for each audiologist.  The fact that both 
audiologists were dedicated and experienced with infant hearing screening prior to the start of 
the program may be one factor to explain such results.  When we put aside the learning curve 
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and number of ears tested were evenly subdivided into first and second tranche tested for each 
screener, mean stability for the second tranche of ears tested was found to be significantly 
higher than for the first tranche of ears tested for screener 1.  This meant that probe stability 
(which relates to better probe fit) did improve for screener 1 during the start-up months of the 
screening program, suggesting that better probe fit can be obtained with increased experience.  
Lack of such difference found for screener 2 may be due to trainer factors (trained by screener 
1 who had administered TEOAE screening for over 4 months in the same hospital context) and 
nature of training (on-the-job, which is more likely to make learning faster) causing stability to 
start high already, so significant increases cannot be seen.   
 Similarly, there was a lack of a significant learning curve for test time found.  Contrary 
to what was expected, an increase in test time across the 18 months of the screening program 
was noted (although not statistically significant).  This may have occurred when screeners 
have more confidence in being able to obtain TEOAE results even from more difficult cases.  
In such circumstances, they may persist and take longer time with the screening, thus causing 
test time to increase.      
 Unlike the above, there was a significant negative correlation found between probe 
stability and test time for each ear screened in the present study (i.e. when stability increases, 
test time decreases).  This suggested that when probes were more stable in the ear of neonates, 
TEOAE response was obtained more quickly, and test time was reduced.  Clinically, this 
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highlights the importance of screeners gaining enough experience with TEOAE testing to 
obtain good probe fit and stability.  When they do, test time for each infant can be decreased 
and more infants can be screened in the same amount of time, decreasing time cost in operating 
such a program.         
 Finally, absence of a seasonal effect on TEOAE fail rates was found in the present study.  
Results may be due to lack of fluctuating prevalence of conductive hearing impairments as a 
result of Otitis Media in newborns (as compared with older infants/ children).  This was 
similar to the results found by Kei et al. (2002), who looked at TEOAE fail rates of 
2-month-old infants in Brisbane, Australia, where the climate is similar to Hong Kong.  As 
such, test season would not need to be taken into account in a TEOAE screening program for 
neonates in Hong Kong. 
Clinical Implications 
The present study demonstrated, with the relatively low fail rate by newborn, that it is 
feasible to implement a neonatal hearing screening program using otoacoustic emissions 
technology in the private health context of Hong Kong.  Moreover, it showed that a learning 
curve for fail rate may not be established or become evident in a screening program until at 
least its third year of program operation and unless a sufficient number of neonates are tested in 
each month.  
Furthermore, since stability will increase with more experience in obtaining good probe fit, 
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lower stability may be expected at the start of a TEOAE screening program unless the 
screeners involved are highly experienced audiologists who have had ample experience with 
neonates and/or sufficient, thorough training within the context where they will conduct 
TEOAE screening.   
In addition, this study has established the importance of obtaining a good probe fit.  With 
better probe fit, test time can be decreased (due to high probe stability) and hence time cost for 
conducting TEOAE screening is reduced.   
Finally, the present study has shown that seasons would not need to be taken into account 
in a TEOAE hearing screening program for neonates in Hong Kong since there is no seasonal 
effect for referral rates in neonates.  
Conclusion & Recommendations 
 The present study on TEOAE neonatal screening showed that no significant learning 
curves existed for (1) fail rate; (2) stability; or (3) test time, across the whole length of the 
screening program or across time for each audiologist, although stability was found to be 
higher for the second tranche of ears tested than for the first tranche of ears tested for screener 
1.  A significant negative correlation was found between stability and test time for each ear 
screened and no seasonal effect on referral rates was found. 
 Since it is hypothesized that a learning curve may not have resulted from the present 
program due to short duration of the screening program, it is recommended that further 
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analysis on the effectiveness of the Adventist Hospital screening program be done again in 1 to 
2 years time to ensure sufficient duration for the learning curve to establish.  Likewise, it is 
suggested that other programs with similar aim to look at the learning curve should not 
examine its data until the program has been operated for at least 2 years or above. 
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Appendix A   
Written parental consent form 
(not shown in soft copy) 
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Appendix B  
OAE screening result form 
 
(not shown in soft copy) 
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Appendix C 
(Adapted from Prieve, 2002) Screening outcomes from publications in which at least 100 
newborns were tested with TEOAEs and results were reported for newborns, not ears1.   
Researcher Total newborns % Fail Equipment Criteria 
Aidan et al., 1999 1421 17 ILO 88? TEOAE level>8 dB SPL, broad 
spectrum from 0.8 to 5 kHz, 
WWR>60% 
Apostolopoulos et 
al., 1999 
223 16 ILO 88Q >3dB in 1-2, 2-3, 3-4 kHz bands 
De Ceulaer et al., 
1999 
3751 5 ILO 88 SNR>6 dB in at least 3 of 4 bands 
(1.6, 2.4, 3.2 and 4 kHz), 
reproducibility>50% 
Doyle et al., 1997a 200 30 ILO 88S WWR>50% or SNR>3 dB in 1000 
Hz bands centered at 1.5, 2.5 and 
3.5 kHz 
Doyle et al., 1998 116 58 ILO 88S WWR>75% or SNR>3 dB in 1000 
Hz bands centered at 1.5, 2.5 and 
3.5 kHz 
Gill et al., 1998 144 16 ILO 88Q >3 dB in 1-2, 2-3, 3-4 kHz bands 
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Hunter et al., 1994 217 30 POEMS Fsp>2, WWR>50% 
Huynh et al., 1996 627 2 ILO 88? WWR>40% and >80% 
reproducibility in frequency bands 
at 2.4, 3.2 and 4 kHz 
Jacobson and 
Jacobson, 1994 
119 48 ILO 88S WWR>50% 
Kennedy et al., 
1991 
370 7 POEMS Fsp>2, WWR>50% 
Meredith et al., 
1994 
772 28 POEMS Correlations between replicated 
waveforms, SNR, and subjective 
assessment 
Maxon et al., 1995 4253 7 ILO 88Q SNR>3 dB 1-2, 2-3 and 3-4 kHz 
Morlet et al., 1998 1531 14.2 ILO 88S WWR>50%, SNR>3dB 
Paludetti et al., 
1999 
320 19 ILO 88S WWR>50% and TEOAE 
“significantly exceeding 
background noise in at least 3 of 
the 5 frequency bands (not 
specified) 
Stevens et al., 711 19 Custom Independent judgements from 3 
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1990 experts, agreement of 2 out of 3 
judges 
Vohr et al., 1998 52659 10 ILO 88Q >75% reproducibility from 2 to 4 
kHz 
Watkin, 1996 11606 21 ILO 88S A+B1>A-B1, WWR>50%, 
Reproducibility>50% in 3 of 4 
bands beginning at 1.6,2.4, 3.2, and 
4 kHz, with one band>75%, 
SNR>5 dB in all 3 selected bands 
with >10 dB in one band 
White et al., 1993 1850 27 ILO 88S >3 dB SNR from 1-2, 2-3, and 3-4 
kHz 
1 Percentage of failures is reported for failure in both ears. 
ILO 88S, standard mode (authors reported that click presentation was at a rate of 50/s and/or 
recording time window of 20 ms); ILO 88Q, QuickScreen mode (the authors specified they 
used QuickScreen, or reported a click presentation of 80/s and/or time window of 12.5 ms); 
ILO 88?, it could not be determined from the publication whether standard software or 
QuickScreen was used; POEMS, Programmable Otoacoustic Emission Measurement System; 
WWR, whole wave reproducibility; SNR, signal-to-noise ratio; Fsp, specific frequency. 
